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用 SAS-A 技术研究制备不同 PEG/BSA 进料配比下的高分子和蛋白质复合微粒。
结果表明，不同进料配比下的微粒大部分为球形；但从产品的溶出度来看，低 BSA



















Microparticles with narrow particle size distributions are widely used in many fields, 
such as biochemistry, materials, pharmaceuticals, cosmetics, etc., due to their excellent 
chemical properties and physical effects. As a result, the generation of microparticles has 
been the focus of numerous research projects in the past decade. Supercritical fluid assisted 
technologies allow the generation of particles that are difficult or even impossible to be 
achieved by classical methods such as milling, crystallization, spray drying or chemical 
reaction, particularly for substances with thermal sensitivity, structure instability or 
bioactivity. In this thesis, a supercritical antisolvent-atomization (SAS-A) apparatus was 
established for micronization of polymer, protein, and their microcomposites from organic 
or aqueous solutions. The SAS-A process combined the advantages of PGSSTM and the 
SEDSTM process, could vary two operating pressures to control particle size and 
morphology. 
Prior to the micronization of the studied systems, the vapor-liquid equilibrium (VLE) 
of the binary CO2/acetone, CO2/ethanol, CO2/water, and water/ethanol systems, and the 
ternary CO2/ethanol/water system were investigated by the Peng-Robinson equations of 
state (PR-EoS) under various temperature and pressure in order to provide theoretical 
points for directing the micronzation process. The studies showed that the PR-EoS was 
suitable for describing the VLE of the mentioned systems, and therefore will be used for 
discussing the states of the processing fluids in the SAS-A process. 
The SAS-A process was applied to the generation of polyethylene glycol 6000 (PEG) 
microparticles by using high pressure CO2 or N2 from PEG/acetone solutions under the 
downstream pressure of 0.1MPa and other operating conditions. The effects of the nozzle 
size, pre-expansion pressure, PEG/acetone solution flow rate and PEG concentration in 
acetone on the particle morphology and particle size were investigated at 50°C. Results 
showed that the N2-assisted process could produce spherical particles with mean sizes of 
1-5μm, while the CO2-assisted process produced spherical, irregular, or agglomerated 
particles. No obvious difference could be found in acetone residue, crystallinity and melting 
point of the PEG particles obtained from the two processes. What more, using the same 
apparatus, PEG microparticles were successfully generated by using ethanol/water instead 
of acetone. Through changing the operating pressure, the process was possible to switch 














obtained. A low value of the pressure before the nozzle (such as of 8 MPa that is close to 
the critical pressure of the binary ethanol/CO2 mixture), and a low value of the pressure 
after the nozzle (such as atmospheric pressure) were suggested to obtain desired particles. 
The SAS-A process was employed to produce bovine serum albumin (BSA) protein 
particles from ethanol/water solutions at 50°C. The effect of the operating pressure, the 
flow-rate of the protein/ethanol/water feed, the protein concentration, and the ethanol 
content in the ethanol/water, on the morphology, size and bioactivity of the produced BSA 
particles was evaluated. The formed primary particles were spherical and discrete with sizes 
of 0.1-3 μm; the statistical number- average particle size was 0.4-1.1μm. The loss of the 
activity of the BSA powders varied between 0 to 25% of the original BSA materials 
depending on the processing conditions, in particular, on the flow-rate of the 
protein/ethanol/water solution and the ethanol content in the solution. At mild operating 
pressure of 8MPa, relatively low temperature of 50°C, relatively high solution flow rate 
about 3-5mL/min, protein concentration about 20-30mg/mL, and the ethanol fraction less 
than 25% in mass, it was possible to produce BSA microparticles with almost no loss of its 
bioactivity by the SAS-A process. 
As a continuation, BSA/PEG composite microparticles were investigated by using the 
SAS-A process. The effects of the BSA to PEG mass ratio on the particle morphology and 
the release profiles of BSA of the produced composites were examined. Results showed 
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Table 1-1. Proprieties of gas, liquid and supercritical fluid[5]. 
Fluid state Density, g/cm3 Viscosity, g/(cm·s) Diffusion coefficient, cm2/s 
Gas (0.6-2)×10-3 (1-3)×10-4 0.1-0.4 
SCF 0.2-0.9 (1-9)×10-4 (2-7)×10-4






宜、易制成高纯度气体等优点，所以在实践中应用 多。  
 
Table 1-2. Critical constants of some substances [3]. 
Substance  Formula Tc, MPa Pc, °C ρc, g/cm3
Carbon dioxide CO2 7.38 31.3 0.448 
Water H2O 22.05 374.2 0.315 
Ammonia NH3 11.40 132.4 0.235 
Ethane C2H6 4.87 32.2 0.203 
Ethane C2H4 5.04 9.2 0.200 
Propane C3H8 4.25 96.6 0.217 



































在这方面研究 多、应用 广泛的技术大致分为三类： 
(1) 超临界溶液快速膨胀（Rapid Expansion of Supercritical Solutions, RESS）； 
(2) 超临界流体抗溶剂技术（Supercritical fluid Anti-Solvent, SAS）； 








































































技术而发展起来的其它方法还包括： CAN-BD（Carbon dioxide Nebulization with a 
Bubble-Dryer）、SAA（Supercritical-Assisted Atomization）、DELOS（Depressurization of 


















(1) SAS-R，超临界流体抗溶剂重结晶（Supercritical Anti-Solvent Recrystalization, 
SAS-R），有时也称为气体抗溶剂技术（Gas Anti-Solvent, GAS）； 
(2) ASES，气凝胶溶剂萃取系统（Aerosol Solvent Extraction System, ASES）； 
(3) SEDS，超临界流体增强溶液扩散技术（Solution Enhanced Dispersion by 
Supercritical fluids, SEDS）； 
1.3.1 SAS-R 技术研究进展 
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